Elliot^observed a spectral photonegative response in certain samples of stibnite. In his preliminary test, using the total radiation from an incandescent lamp, the cells appeared to be normal in their electric response.
However, on exposure to monochromatic radiation, for certain regions of the spectrum the response of these cells was photonegative, while for wave lengths greater than o.66)Lt the response was photopositive. His experimental data are discussed in a subsequent part of this paper. (See Fig. 2.) It will be sufficient to add that while these data show that a true photonegative response was observed by others, the present paper shows it to be a function of both the applied voltage and of the direction of the current through the crystal. Pfund These measurements will now be described. In the main part of the illustration. Fig. 4 In Fig. 5 At -33 to -57°C the deflection was purely negative, as observed in Fig. 8 for a higher voltage and lower temperature.
At -63 to -80°C , on exposure of the crystal, there was first a momentary positive kick of 0.5 to 1.5 cm followed by the usual negative deflection. On shutting off the light there was a further negative kick as previously observed at -161°C (see Fig. 10 However, if the deflection is purely negative (similar to ciu^e 37V, Fig. 8 ), the reaction is slower, there is no deflection in the positive direction, and the complete negative deflection can be built up by successive exposinres, as illustrated in curve A, In some instances, at -60 to -160°C , it was observed that the momentary positive throws illustrated in Figs. 10 and 11 were produced when insufficient time was given for recovery from the effects of the previous exposiu-e. Unfortunately, no special examination was made to determine whether the small positive throws-for example, in Fig. 10 -which preceded a negative deflection, arise in all cases from incomplete recovery from the effects of a previous exposure to radiation. The extensive data, covering a long period of investigation (see Fig. 14 In the preliminary tests it was found that, keeping the temperature constant, the region of transition in the spectrum in which the action changes from photonegative to photopositive is very narrow, being less than o.ooi/x. It will be noticed on a subsequent page that this neutral point shifts a little with change in temperature.
Further observations on these same voltages, but at a temperature of -93°C instead of -84°C are illustrated in Fig. 13 , which shows that the critical voltage is raised and the photonegative reaction is decreased, as observed in Fig. 9 . On iiV, CD, the deflection was entirely positive.
The data observed at -161°C , and 203V, C. D, Fig. 14 12, also with curve 21F, Fig. 8 . In Fig. 12 the deflection is almost purely negative. This is to be expected in view of the lower critical voltage at the higher temperature.
In view of the fact that the question may arise as to whether the data are reproducible it is relevant to add that an interval of II days elapsed between the observations illustrated in Fig. 12 and those of Fig. 13 ; the crystal, in the meantime, having been removed from the vacuum container to permit examination of the samples of stibnite already described. In Fig. 1 5 is portrayed the spectrophotoelectric reaction throughout the whole of the spectrum to which molybdenite reacts. The potential was kept at 11 volts and the temperatmre at -84°C . In Fig. 17 the curve for the intensity, £^= 7 is similar to the one for the radiation stimulus, E = i. For the lower intensity the reaction on shutting off the light is still partly photonegative at wave length o.662)Lt, as indicated at A in Fig. 17 . Evidently, the neutral point of spectrophotoelectric activity is a function of the temperature of the material and the intensity of the radiation stimulus.
On the same day when curve E = i was obtained, the maximum negative deflection for E = 7 was 36.5 cm at wave length 0.5976^, giving a ratio of £^7:^^1 = 36.5:11=3.32. The square root of Ej:Ei = 2. 64.S' From this, it appears that the "square-root law" does not represent the photonegative reaction, as was found In previous papers, which dealt with the photopositive reaction.
Curve B, Fig. 17 , shows the observations on the isolated photonegative spot (Fig. 7) using 40 volts and E = i. This curve. [Vol. i6 which was obtained after dismounting the apparatus and recalibrating the lamp, verifies the foregoing observations. (See Fig. 19 18 ) than was required when the whole length of the sample was exposed to radiation. This is no doubt to be expected from the observations given in Fig. 7 , which shows a region of weak photopositive reaction.
In Fig, 18 , for the current direct, C. D., the scale of ordinates for 21 volts is one-tenth the observed deflections. In this curve the photonegative reaction is quite similar to that previously observed.
(See Fig. 8.) However, a secondary reaction seems to occur after the crystal has been exposed to radiation for about 30 seconds. This has been noticed sometimes in photopositive observations, and usually in large photonegative observations, though the phenomenon was not so marked as in the case illustrated in curve 21V, Fig. 18 . In this case, after an exposure of about 37 seconds, when the deflection had apparently reached equilibrium, the reaction was resumed, adding almost 50 per cent to the first deflection.
When the current was reversed, C. R., Fig. 18 In Fig. 19 is given the photoelectrical sensitivity of the spot Pj-1.75, Fig. 7 The highest voltages that could be used without producing local heating and consequent unsteadiness of the galvanometer failed to produce a pure photonegative deflection. On reversing the current, C. R., the deflection was positive.
The results of this test show that, in the part of the crystal showing photopositive and photonegative sensitivity, the purely photonegative reaction could not be produced by applying potentials which were considerably higher than those required for producing such a reaction in the region of pin-ely photonegative sensitivity.
On the other hand, by applying the proper (much lower) voltage, the reaction in the spot of supposedly purely photonegative sensitivity was similar to that just described. On the other hand, for infra-red radiation the reaction requires from I to several minutes to attain equilibrium.
In the previous investigation (loc. cit.) of the photopositive samples of molybdenite it was observed that at o.6 to o.jjjl it required 3 to 5 seconds to obtain a maximiun galvanometer deflec-tion; at 0.75JU it required a noticably longer time, say, 15 seconds; at i/A it required perhaps i minute, while at 1.5 to 2/1 it required 2 to 3 minutes.
In the foregoing experiments on the photonegative sample of molybdenite, the negative reaction (galvanometer deflection) for radiation of wave lengths 0.5 to 0.6/x required a minute or more to attain a maximum effect. In the transition region of the spectrum at 0.62 to o.GSfi this time was a matter of seconds instead of minutes.
Beyond 0.9/1 it required i to 2 minutes to attain equilibrium, depending upon the wave length.
The reaction time appears to be continous, being a minimum at the photoneutral wave length. If a graph be plotted, in which the ordinates represent the time to attain a maximum reaction and the abscissas are the corresponding wave lengths (or perhaps frequencies in order to produce a more symmetrical curve) a Ushaped ciu^e is obtained, the bottom of which occiurs at the wave length of transition from the positive to the negative response.
The reversal of the current from C V. There seem to be two contending forces acting. The one which causes the photopositive response acts quickly and prevails on low voltages. The photonegative action builds up more slowly and is predominant on high voltages. Even while the negative action predominates the positive action seems to be present.
As a result of the presence of these two forces, for certain applied voltages, on exposing the molybdenite receiver to radiation of wave lengths less than about 0.67 )u, the galvanometer deflection is first positive, then decreases in value, and may even become negative.
On shutting off the light stimulus there is a further deflection in the negative direction, after which it returns to the original zero scale reading.
For example, as shown in Fig. 8 , using radiation of wave length 0.5876 ix as a light stimulus and applying a potential of 10 volts, the galvanometer deflection was almost entirely positive; on 20 volts the deflection was partly positive and partly negative; on 29 volts, the positive response was almost eliminated and the negative response prevailed; on 8 times as large as the observed maximum pm-ely positive deflection for 10 volts.
In another test, at a slightly lower temperature (-104°C) which raised the critical voltage, changing from 35.6 to 37 volts transformed the positive-negative deflection of ± 5 mm into a negative deflection of -230 mm.
On lowering the temperature, at about -20°C the recovery from a photonegative reaction is irregular, resulting in overshooting so that momentarily the apparent resistance is less than the normal dark resistance. The curves, illustrated in Fig. 11 Table i . From both the previous investigation and the present one, it appears that the wave number is of the order^=40 (arbitrary imits) at 25°C and^=30 at -178°C. As shown in Fig. 16 and Comparison of Signaling Methods. -The method of producing a pulsating current in the telephone by interrupting the light incident upon the molybdenite by means of a rotating sectored wheel is inefficient in view of the fact that (i) only one-half of the incident light is utilized and (2) the exposure time is only about one five-hundredth of a second, which is not sufficient to permit a great change in the photoelectric conductivity. A signaling system which can utilize longer exposure of the receiver to the incident light will obtain a greater change in the electric conductivity.
When using the sectored wheel radiophone, the signal is recognized by the musical note emitted by the telephone receiver, the loudness of which is determined by the intensity of the incident radiations. The signal could be recognized also by a change in pitch of the soimd in the telephone receiver, provided apparatus can be devised to function by changing the pitch of the sound. This change in pitch was frequently observed in the amplifier used in these experiments, but it was found to be inefficient (insensitive) The change-in-pitch method of signaling seemed so attractive that an attempt was made to obtain a test of its efficiency as compared with the sectored disk radiophone, using in both devices the molybdenite for the receiver of the thermal radiations which were used in transmitting the signal. The result of this test showed that, owing to a high resistance, which was in series with the single receiver of molybdenite, but Khich did not fimction photoelectrically when exposed to light, the method of signaling by change in pitch was not so sensitive as the rotating sectored disk radiophone. Using several molybdenite receivers joined in series so as to obtain the required high resistance when exposed to light, the sensitivity of this device was improved.
A photoelectric cell of the gas-ionic type, for example, the potassium hydride photoelectric cell, K, Fig. 22 , is well adapted for use with this change-in-pitch method of signaling. The high resistance is used as ballast to the photoelectric cell.^^This combination was found to be the most sensitive of the radiophonic type of receivers yet tested. The applied voltage can be adjusted so that the telephone receiver emits a soiind only when the photoelectric cell is exposed to light.
Very instructive experiments can be performed with such a device. For example, the rate of charge and discharge can be adjusted so that the sound in the telephone is a series of clicks which increase in rapidity with increase in intensity of the exciting light. This, no doubt, in time will find useful applications in research work.
